
Acute meningitis is a disease that

causes high levels of anxiety

among parents and the medical

profession. Meningitis is often caused,

however, by organisms that more com-

monly result in a mild or asymptomatic

infection. Young children are most at risk

of meningitis,1 2 but the clinical severity

also depends on the causative organism;

viral meningitis is rarely severe and chil-

dren tend to make a complete recovery,

whereas bacterial meningitis can have a

rapid onset, leading to death and serious

neurological sequelae.3 In the past 50

years in England and Wales, many infec-

tions that may cause meningitis have

been controlled through routine child-

hood vaccination programmes. In the

short to medium term, the wider use of

available vaccines has the potential to

prevent even more cases and deaths from

this disease. In the longer term, options

for further prevention by vaccines

against new targets seem promising.

SOURCES OF DATA
Routine surveillance of meningitis in

England and Wales relies on several

sources. Clinically diagnosed cases are

notified to Consultants in Communica-

ble Disease Control (CCDCs) and passed

on to the Public Health Laboratory Serv-

ice (PHLS) Communicable Disease Sur-

veillance Centre (CDSC). Infections con-

firmed by isolation from the

cerebrospinal fluid (or from a normally

sterile site but accompanied by symp-

toms of meningitis) are also reported by

laboratories or referred to the PHLS

reference laboratories for further typing.

Deaths as a result of meningitis are

recorded through the medical certificate

of cause of death at the Office of National

Statistics (ONS). These routine systems

are also used conjointly with enhanced

surveillance schemes to monitor menin-

gococcal and pneumococcal menin-

gitis,4 5 and alongside special studies

(including the British Paediatric Surveil-

lance Unit “orange card” system

(www.bpsu.inopsu.com/)) in the sur-

veillance of neonatal meningitis.6 A

further source is Hospital Episode Statis-

tics (HES) (www.doh.gov.uk//hes/).

These record information on hospital

care in NHS hospitals in England.

Diagnoses are recorded at discharge

using the World Health Organisation

International Classification of Disease

codes, currently tenth edition (ICD-10).

Cases of meningitis can be identified

using the respective ICD-10 codes.

MAIN INFECTIOUS CAUSES OF
ACUTE MENINGITIS
In 2001, 1216 clinically diagnosed cases

of meningitis in children in England

were formally notified to the PHLS

CDSC. Meningococcal meningitis was

the most common reported cause (48%),

with other bacteria (12%), viruses (19%),

and other or unknown causes account-

ing for the rest. These proportions are

unlikely to reflect true differences in

incidence, however, since the complete-

ness of notification is better for more

serious diseases. For example, notifica-

tions are relatively complete for menin-

gococcal meningitis,7 probably because

of the immediate need to confirm and

report the case for public health action.

In contrast, viral meningitis is probably

under-diagnosed and under-notified.

HES records around 600 admissions for

viral meningitis in children in England

each year, which suggests that notifica-

tions under-estimate the burden of

meningitis requiring admission to hospi-

tal by approximately 160%. Data from

laboratories are also prone to bias be-

cause of different methods of confirma-

tion and different clinical practices. Viral

meningitis is likely to be relatively

under-estimated as, with the exception

of herpes simplex virus (HSV),8 the spe-

cific aetiology is unlikely to alter the

management of the case in view of the

limited treatment options readily avail-

able.

Mycobacterium tuberculosis can cause

meningitis, but does not generally

present in the acute phase and is

therefore not included here.

VIRAL MENINGITIS
Many viruses are known to cause menin-

gitis in children. Before the introduction

of the combined measles, mumps, and

rubella vaccine (MMR) in 1988, mumps

was the commonest cause of childhood

meningitis in England and Wales. Epi-

demics occurred every three years, and in

1987 general practitioner consultations

reported through the Weekly Returns

Service of the Royal College of General

Practitioners estimated an overall inci-

dence of approximately 21 per 100 000

(all ages). By 1997 this had fallen to less

than 1 per 100 000.9 Estimates of the

number of admissions to hospital for

mumps, usually for viral meningitis,

averaged around 1200 per year in the

pre-vaccine era10; more recent data sug-

gest that fewer than 100 cases per year

occur (www.doh.gov.uk//hes/). Reports

of mumps virus isolates from the CSF

also declined dramatically, indicating a

fall in the number of cases of confirmed

mumps meningitis. In the post MMR

vaccine era, enteroviruses are thought to

be the most common group of viruses to

cause meningitis in England.9 11–15 Less

common causes include herpes viruses,

lymphocytic choriomeningitis (LCM),

cytomegalovirus (CMV), the adenovi-

ruses, arboviruses, influenza, and

rubella.11 Deaths from viral meningitis

are rare.16

Enterovirus meningitis
There are around 70 different types of

enteroviruses, but those most likely to

cause meningitis are polio, coxsackie

(types A and B), and ECHO (enteric

cytopathogenic human orphan)

viruses,17 although there is no longer any

indigenous polio in Europe. Transmis-

sion is primarily via the faecal, oral, and

respiratory routes. Virus is shed in stools

and can be detected for weeks after

infection. The virus inhabits the intesti-

nal tract, causing gastrointestinal dis-

eases, but once in the bloodstream it can

show affinities for many organs, includ-

ing the brain.17 Most confirmed infec-

tions reported are isolates from faecal

specimens and are not associated with

infection of the central nervous system.

Weekly totals of laboratory reports of

enterovirus isolates, however, parallel

clinically notified cases of viral meningi-

tis (fig 1), with summer peaks occurring

when particularly virulent strains are

circulating.12 18 This supports the hypoth-

esis that enteroviruses are the main

cause of notified viral meningitis. There

is currently no recommended treatment

for enteroviral infections widely avail-

able, although a new treatment, pleco-

naril, has shown some promising results

under trial.2 Preventative methods such

as good hygiene and sanitation are

recommended.

BACTERIAL MENINGITIS
The most common causes of bacterial

meningitis in children in England and

Wales are meningococcal, Haemophilus
influenzae type b (Hib), and pneumococ-

cal infections. Less common causes in-

clude group B streptococci, Escherichia
coli, Listeria sp., and staphylococcus.
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Between 1982 and 2001, the most

common bacterial isolate from the CSF

reported to the PHLS was Neisseria
meningitidis (fig 2).

Hib meningitis
Hib was once the leading cause of bacte-

rial meningitis in children, with most

cases in children under 5 years of age.19

Vaccination has virtually eradicated Hib

meningitis in England and Wales. Since

routine infant immunisation began in

1992, few isolates of Haemophilus influen-
zae from the CSF have been reported—

many of these caused by non-capsulated

organisms (fig 2). Following the success

of conjugate vaccines against Hib, simi-

lar vaccines have now been developed

against serogroup C meningococcal in-

fection and against the major serotypes

of S pneumoniae.

Meningococcal meningitis
Meningococcal meningitis can present
alone or in combination with meningo-
coccal septicaemia. Case fatality rates for
meningitis are generally low, and most
deaths from meningococcal infection are
therefore a result of septicaemia. The

number of cases and deaths from menin-

gococcal disease (both meningitis and

septicaemia) started to rise in 1995,

because of an increase in serogroup C

infections, particularly C2a strains. Al-

though serogroup B accounts for the

majority of cases in young children in

England and Wales, serogroup C is asso-

ciated with a higher case fatality rate and

is the predominant strain in older

children. In 1996, a national polymerase

chain reaction (PCR) diagnostic service

became available,20 and this improved

ascertainment of confirmed meningitis

and septicaemia. This came against a
background change in clinical practice
away from performing lumbar
punctures,21 which meant CSF isolates of
N meningitidis started to decline (fig 2).
The trend in CSF isolates was in contrast
to increases in the overall number of
confirmed cases (http://cdsc.hpa.org.uk/
topics_az/meningo/data_meni-t3a.htm).

In November 1999, the UK became the
first country to introduce the meningo-
coccal serogroup C conjugate vaccine
(MenC) into their national childhood
immunisation programme and at the
same time started to offer vaccine to all
children under 18 years. Eighteen
months after the campaign began the
number of laboratory reports of sero-
group C fell by over 80% in the targeted
groups.22 Meanwhile, cases of serogroup
B have remained high (http://
cdsc.hpa.org.uk/topics_az/meningo/data_
meni-t3a.htm).

Pneumococcal meningitis
Pneumococcal meningitis tends to occur
in children less than 1 year.23 The overall
case fatality ratio for pneumococcal
meningitis is over 20%, and may be even
higher in very young children.23 There-
fore, although pneumococcal meningitis
is less common than meningococcal
meningitis, it is a leading cause of certi-
fied death as a result of bacterial menin-
gitis (source: Office of National Statistics
(ONS)). In 1993, deaths in children as a
result of pneumococcal meningitis rep-
resented 25% of all bacterial meningitis
deaths certified to ONS—by 2000, this
proportion had increased to 38%. Also,
high rates of sequelae following pneu-
mococcal meningitis have been
documented.24 Conjugate vaccines
against the main serotypes of pneumo-
coccal meningitis are currently offered
only to high risk children.25

DISCUSSION
Acute meningitis in children in England
and Wales is caused by a variety of
organisms. The severity of disease is
generally milder for viral than bacterial
infections, but depends on other factors
such as age, disease presentation, and
causative organism. Although antibiotic
treatment has had a significant impact
on deaths from bacterial meningitis,
treatments for viral infections have been
limited. The continued effectiveness of
antibiotics is a potential problem be-
cause of the emergence of resistance,
particularly for pneumococcal menin-
gitis.23 Vaccination has had a significant
impact on the prevention of mumps, and
Hib and serogroup C meningococcal men-

ingitis, which are now at very low levels;

however, if MMR coverage remains at its

current level of 84%,26 or declines further,

the re-emergence of mumps meningitis is

possible. The current main causes of mor-

bidity and mortality from meningitis in

Figure 1 Notifications of viral meningitis and reports of enterovirus isolates to the Public
Health Laboratory Service; five week moving average, England and Wales, 1995–2001.

Figure 2 Reports of bacterial isolates from the cerebrospinal fluid to the Public Health
Laboratory Service in England and Wales, 1982–2001.
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children in England and Wales are sero-

group B meningococcal and pneumococ-

cal infections. The wider use of conjugate

vaccines against pneumococcal infection,

has the potential to reduce the number of

cases of invasive pneumococcal disease—

including meningitis—within a few years

of implementation. Efforts to produce a

safe and effective vaccine against a broad

range of serogroup B meningococcal

strains have now produced several possi-

ble candidates with the potential aim of

the virtual elimination of meningococcal

meningitis.27
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